Humans share with many animals a number sense, the ability to estimate rapidly the approximate number of items in a scene. Recent work has shown that like many other perceptual attributes, numerosity is susceptible to adaptation. It is not clear, however, whether adaptation works directly on mechanisms selective to numerosity, or via related mechanisms, such as those tuned to texture density. To disentangle this issue we measured adaptation of numerosity of 10 pairs of connected dots, as connecting dots makes them appear to be less numerous than unconnected dots. Adaptation to a 20-dot pattern (same number of dots as the test) caused robust reduction in apparent numerosity of the connected-dot pattern, but not of the unconnected dot-pattern. This suggests that adaptation to numerosity, at least for relatively sparse dot-pattern, occurs at neural levels encoding perceived numerosity, rather than at lower levels responding to the number of elements in the scene.
Introduction
Even under conditions where we cannot count individual items, we can make rapid and reasonably accurate estimates of the number of items or numerosity of a scene. This capacity has been demonstrated in young infants and many animal species (Butterworth, 1999; Dehaene, Spelke, & Pica, 2008; Hauser, Carey, & Hauser, 2000; Pepperberg, 2006; Whalen, Gallistel, & Gelman, 1999; Xu & Spelke, 2000 , Gallistel & Gelman, 1990 ). It has recently been shown that perception of numerosity is susceptible to adaptation: adapting to stimuli of high-numerosity causes a noticeable underestimation of a subsequent stimulus, while adapting to low numerosities causes overestimation (Burr & Ross, 2008) . Adaptation is one of the more powerful techniques in psychophysics, usually regarded as strong proof for the existence of specialized neural mechanisms.
However, the idea that adaptation reveals specific numerosity mechanisms has been challenged (Durgin, 2008) , with suggestions that the adaptation occurs via more general texture-like mechanisms. It is well known that size and texture are subject to adaptation (Anstis, 1974; Blakemore & Sutton, 1969) ; so adaptation to clouds of dots may be mediated via this indirect route (Durgin, 1995 (Durgin, , 2008 Durgin & Huk, 1997; Durgin & Proffitt, 1996) . One crucial distinction between numerosity and density is that numerosity perception seems to require the prior segmentation of elements in perceptual objects (Anobile, Cicchini, & Burr, 2015; Anobile, Turi, Cicchini, & Burr, 2015) . One clear demonstration of this is that connecting pairs of items reduces perceived numerosity (Franconeri, Bemis, & Alvarez, 2009; He, Zhang, Zhou, & Chen, 2009: see Fig. 1a) . Connecting elements with a line presumably links them perceptually, so they tend to be seen as a single object, rather than pairs of objects. Not only does this change the perceived numerosity, but also the selectivity of repetition BOLD adaptation (He, Zhou, Zhou, He, & Chen, 2015) . Interestingly, underestimation also occurs when dots are arranged in a specific configuration (such as a symmetrical pattern) (Apthorp & Bell, 2015) , indicating that that perceptual organization -i.e. detection of symmetry and redundancies, in this case -precedes number estimation.
Here we test whether adaptation acts upon perceived or physical number. We measure the effect of adapting to 20 dots, then testing with patches of the same numerosity, either in isolation or connected pairwise. The adapter had no effect on the numerosity of unconnected dots, but robustly reduced that of pair-wise connected dots. This shows that adaptation operates on mechanisms for numerosity, rather than more basic visual features, like the number of dots.
http://dx.doi.org/10.1016/j.cognition.2016.03.006 0010-0277/Ó 2016 Elsevier B.V. All rights reserved.
